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ExecuSummary

A research projech the state o exasidentified opportunities to reduce homeowner utility bills in

residential singldamily new construction by increasing compliance with the state energy Toée

study was initiated in October 201dgta collectiorbegan in March 2015, amdntinued througk®ctober

2015 During this period, research teams visited 133 homes in 30 counties in and around Houston during
various stages of construction, resulting in a substantial data set based on observations nhadte direct

the field. Stakeholders in the state agreed that these 30 counties represented the levels of energy codes
and enforcement seen across the state. Analysis of the data has led to a better understanding of the energy
features present in homes, and, wiegtrapolated across the entire state, indicates &6 million in
potentialannualsavingsto Texashomeownershat could result from increased code complianiéablic

and private entities within the state can use this information to justifgatatize future investments in

energy code training and related energy efficiency programs.

Methodology

The project team was led by the National Association of State Energy Officials (NASEQ) with support
from the Soutkcentral Partnership for Energy Efficienayg a Resource (SPEER) and Cadmus. The team
applied a methodology prescribed by the U.S. Department of Energy (DOE), which was based on
collecting information for the energy codequired building components with the largest direct impact on
energy consuption. Thesdeyitemsare a focal point of the study, and in turn drive the analysis and
savings estimates. The project team implemented a customized sampling plan representative of new
construction within the state, which was originally developed lkoyfi&Northwest National Laboratory
(PNNL), and then vetted through public meetings with key stakeholders in the state.

Following data collection, PNNL conducted three stages of analysis on the resulting daiguset (

ES1). The first stage identified compliance trends within the state based on the distributions observed in
the field for each key item. The second modeled energy consumption of the homes absbeséeld

relative to what would be expected if sampled homes just met minimum code requirements. The third
stage then calculated the potential energy savings, consumer cost savings, and avoided carbon emissions
associated with increased code comgé@anTogether, these findings provide valuable insight on

challenges facing energy code implementation and enforcement, and are intended to inform future energy
code education, training and outreach activities.

Statistical Energy Savings

Analysis Analysis Analysis
Examination ofthesetand Modeling of energy Projection of savings associated
distribution of observations consumption for asimulated with improved compliance

population of homes

Figure ES 1. Stages of Analysis Applied in the Study

At the time of the study, the state energy code was based on the 2009 International Residential Code
(IRC). Following data collection, the state adopted an updated energy code, known as the 2015 Texas



Energy Codé. Most data in this study was collected from homes permitted under the 2009 code;

potential savings, however, were calculated against the 2015 code as that is the code that homes will need
to comply with in the future, and that will be the focus of ongaiaming within the state. The savings

noted inTable ESL and the results noted Figure ES2 are the results based on comparison to the 2015
Texas code. For illustrative purposes, some of the results presented in other sections of this report are
based on the 2009 IECGs noted.

Results

The key items with the greatest potahfor savings ifmrexasare presented belowdble ESL). The

estimates presented in the table represent the savings associated with each measure, and ar@ extrapolate
based on projected new construction. These items should be considered a focal point for cempliance
improvement programs within the state, including energy code educational, training and outreach
initiatives.

Table ES1. Estimated Annual Statewide Savings Potential in Texas

Total Energy Total Energy Cost Total State Emissions
Measure Savings(MMBtu) Savings($) Reduction (MT CO2e)
Envelope Air Leakage 314,889 4,656,869 24,969
E}fﬁlg‘;nga" 293,040 5,029,864 27,865
Duct Leakage 181,188 3,582,893 20,371
Lighting 70,571 2,774,421 17,100
Ceiling Insulation 23,677 443,058 2,496
TOTAL 883,365MMBtu $16,487,105 92,801 MT CO2e

Simulation analysis of the collected field data indicates an average regulated energy use intensity (EUI) of
20.95 kBtu/ft-yr statewide for the homes that are being built in the state today. This compares favorably
to the 25.94 kBtu/ftyr that would beexpected if homes were constructed to just meet the minimum
requirements of the 2009 IECC. Put another way, homes being built in the state today less 19%

energy than expected under the old state code. Compared to the more stringent 2015 Texas code,
however, new homes are using 18%reenergy, making it clear that substantial savings opportunities

exist as the new code is implemented.

1 The 2015 Texas Energy Code is based on the 2015 International Residential Code with state amendments to
modify the Energy Rating Index values and is availabhgtpt//seco.cpa.state.tx.us/tbec/singlefam.php

2 The baseline code for analysis was the 2009 IECC which was compared to the 2015 Texas Energy Code which is
based on the International Residential Code. Using the IECC instead of the IRC as the baswinaffaict the

analysis because the key item requirements in the 2009 IECC are equivalent to those in the 2009 IRC. The only
exception is the SHGC requirement in climate zone 2 which is 0.35 in the IRC versus 0.30 in thétE@er,

since all SHGC obseations met the 0.30 requirement, this difference had no impact on the results.
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ACH
AFUE
AHU
BOAT
Btu
cfm
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DOE
EERE
ESL
EUI
EUMMOT
FOA
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kBtu
MMBtu
MT

NA
NASEO
NEMA
PNNL
RFI
SECO
SHGC
SPEER
TAB
TECC
TX

Acronyms and Abbrevi

air conditioning

air changes per hour

annual fuelutilization efficiency

air handling unit
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British thermal unit

cubic feet per minute
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EnergySystems Laboratory of Texas A&M University
energy use intensity

Electric Utility Marketing Managers of Texas
funding opportunity announcement
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not applicable
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1.0 I ntroducti on

A research project in the stateTadxasinvestigated the energy codelated aspects of unoccupied, newly
constructed, single family homes across the state. The study followed-priesiffibed methodology,

which allowed the project team to build an empirical data set based on observatiomkrewdigen the

field. The data was then analyzed to identify compliance trends, their impact on statewide energy
consumption, and calculate savings that could be achieved through increased code compliance. Study
findings can help to justify additionalipport for energy code education, training & outreach activities, as
well as catalyze future investments in compliaimsprovement programs.

TheTexasfield study was initiated in October 2014; data collection began in March 2015, and continued
throughOctober 2015. During this period, research teams visited 133 homes across the state during
various stages of constructioAt the time of the studythe stateenergy code was based thve 2009
International Residential Code (IRC) with no amendmentslowislg data collection, the state proceeded

in adopting an updated energy code, known as the 2015 Texas Enerdy ostdata in this study was
collected from homes permitted under the 2009 % dumvever, potential savings were calculated against
the 215 code as that is what future homes are required to comply with.

1.1 Background

The data collected and analyzed for this report was in response to the U.S. Department of Energy (DOE)
Funding Opportunity AnnouncementaEfeRgpQollee A Strategi
Compliance Rat es 3arhegoaMéthed0A ieto determind wheth@r.an investment in
education, training, and outreach programs can produce a significant, measurable changefamsiygle
residential building code energgey and therefore energy savings, withiBi years. Participating states

are:

9 Conducting a baseline field study to determine installed energy values efecpdied items,
identify issues, and calculate saygnopportunities;

1 Implementing education, tring, and outreach activities designed to increase code compliance; and

9 Conducting a second field stuttymeasure the pastaining values using the same methodology as
the baseline study.

Energy codes for residential buildings have advanced significamly r e cent yensodes, wi t h 1
codesapproximately 30% more efficietitan codes adopted by the majority of U.S. st&teblence, the

importance oensuringcodeintended energy savings, $@t consumers reap the benefits of improved

code® something which will happen ontiarough high levels ofompliance.More information on the

FOA and overall DOE interest in compliance is available on the DOE Building Energy Codes Program

website®

1 The 2015 Texas Energy Code is based on the 2015 International Residential Code with state amendments to
modify the Energy Rating Index values and is availabhgtpt//seco.cpa.state.tx.us/tbec/singlefam.php

2 Some homes in the Houston area were permitted under the 2012 IECC.

3 Available athttps://www.energycodes.gov/compliance/residergiargycodefield-study

4 National Energy and Cost Savings for New Singhel Multifamily Homes: A Comparison o&tB006, 2009, and
2012 Editions of the IECGvailable ahttp://www.energycodes.gaiévelopment

5 Available athttp://www.energycodes.gov/adoption/states

6 Available athttps://www.energycodes.gov/compliance
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1.2 Project Team

TheTexasproject was led by the Nationak8ociation of State Energy Officials (NASEOQ), with support
from the Soutkcentral Partnership for Energy Efficiency as a Resource (SPEER), and field data collected
by Cadmus. The Pacific Northwest National Laboratory (PNNL) defined the methodology, teahduc

data analysis, and provided technical assistance to the project team. Funding and overall program
direction was provided by the DOE Building Energy Codes Program as part of a broader initiative being
conducted across several U.S. states. More infavman the organizations comprising the project team

is included in the Acknowledgements section of this report.

1.3 St akehol der |l nt erest s

The project started with the formation of a stakeholder group comprised of interested and affected parties
within thestate. Following an initial kickoff meeting, the project team maintained active communication
with the stakeholders throughout the course of the project. Stakeholders were sought from the following
groups:

1 Building officials

9 Homebuilders

9 Subcontractors

9 Material supply distributors

9 Government agencies

1 Energy efficiency advocates

9 Utilities

9 Other important entities identified by the project team

A description of the stakeholders who participated in the project to date is included in Appendix A.

Members oflhese and other groups are critical to the success of the project, as they hold important
information (e.g., building officials have the lists of homes under construction and are therefore key to the
sampling process), control access to homes neededdmisits, are targets for training, or, as is often the
case with government agencies, have oversight responsibilities for code adoption and implementation.
Utilities were also identified as a crucial stakeholder, and often have direction from stedéorggul

bodies (e.g., the public utility commission) to achieve energy savings. Many utilities have expressed an
increasing interest in energy code investments, and are looking at energy code compliance as a means to
provide assistance and generate addiisavings. The field study is aimed specifically at providing a

strong, empiricallybased case for such utility investment.

1.2



20 Met hodol ogy

21 Overview

TheTexasfield study was based on a methodology developed by DOE tafydgsings opportunities
associated with increased energy code compliance. This methodology involves gathering field data on
energy code measures, as installed and observed in actual homes. In the following analysis, trends and
issues are identified, Wwdh can help inform energy code training and other complianpeovement

programs.

Highlights of the methodology:
9 Focuses oimdividual code requirementswithin new singlefamily homes
9 Based on aingle site visitto reduce burden and minimize bias
1 Prioritizeskey itemswith the greatest impact on energy consumption
9 Designed to producstatistically significant results

9 Data confidentiality built into the experimeit no occupied homes were visited, and no personal
data shared

9 Results based on amergy metic and reported at theate level

PNNL identified the codeequirements (and associated energy efficiency measures) with the greatest
direct impact on residential energy consumptionhesekey itemglrive sampling, data analysis, and
eventual savings projections:

Envelope tightness (ACH at 50 Pascals)
Window SHGC

Window U-factor

Exterior wall insulation (assembly-factor)
Ceiling insulation (Rvalue)

Lighting (% highefficacy)

Foundatiorinsulation (Rvalue¥

© N o g WD PRE

Duct tightness (expressed in cfm per 18@ftconditioned floor area at 25 Pascals)

PNNL evaluated the variability associated with each key item, and concluded that a mini6&im of
observationsvould be needefbr eachone to produe statistically significant results at the state level.
Both the key items themselves and the required number of observations were prescribed in the DOE
methodology.

The following sections describe how the methodology was implemented as parT ekésstudy,
including sampling, data collection, and resulting data analysis. More information DO Eeata

! Based on thenandatoryandprescriptiverequirements of the Internatiorfahergy Conservation Code (IECC)

2 Floor insulation, basement wall insulation, crawlspace wall insulation, and slab insal&tambined into a
single category of foundation insulation

2.1



collection and analysis methodologisgpublished sepately from this report (DOE 201&)ndis
available on the DOE Building Energy Codes Progvaehsite?

22 State Study

The prescribed methodology was customized for the Statexafsto reflect circumstances unique to the
state, such as staltevel code requirements and regional construction practices. Customization also
ensured that the results bktstudy would have credibility with stakeholders.

2.2.1 Sampling

Given both the large geographic size and population of Texas, the project team decided to limit data
collection to an area comprising 30 counties in south central and southeast Texas andHotestorn

(all climate zone 2). It includes dense metropolitan areas,-gmatid-size cities and towns and
unincorporated areas of counties and has a population of approximately 7 million, about 25% of the state
population.

An initial sample plan forite area was first developed by PNNL, and then vetted by stakeholders within
the state. For purposes of the study, stakeholders agreed that this area could be used to represent the
entire state as it includes a broad range of the energy codes in useetsdflenforcement seen across

the stateThe samples were apportionedndividual jurisdictions in proportion to their average level of
constructiorover the past three yeaxsmpared to the overall construction activitythe 30 counti€fs

This appoach is known as a proportional random sample. The plan specified the number of key item
observations required in each selected jurisdiction (totaling 63 of each key item forcinen®p area).

The sample taken in the ®@unty area was also adjustedisat the ratio of urban to rural areas was

similar to the overall state ratio. See Section 2.4 Limitations under Applicability of Results for additional
discussion of how the data collected in CZ2A was applied to the entire state.

Special considerationgere discussed by stakeholders at the project kickoff meeting, such as state
specific construction practices and systematic differences across county or climate zone boundaries.
These considerations were taken into account and incorporated into tiedfieaide sample plan shown
in Appendix B.

2.2.2 Data Collection

Following confirmation of thsample planthe project team began contacting local building departments

to identify homes currently in the permitting process. Code officials responded byipgavilist of

homes at various stages of construction within their jurisdiction. These lists were then sorted using a
random number generator and utilized by the teamb
call the builder to gain site eess. As prescribed by the methodology, each home was visited only once

to avoid any bias associated with multiple sigdts. Only itemsdirectly observedy the field teams

during site visis were recordedif access was denied for a particular home on the list, field personnel

moved onto the next home on the list.

3 Available athttps://www.energycodes.gov/compliance/residergimrgycodefield-study
4 Availableat http:/censtats.census.gqséled  t he @ABui |l ding Permitso data)
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2211 Data Collection Form

The field teams relied ondata collection forncustomized to thenandatoryandprescriptive

requirements of the stataargy code (2009IRC) The finalTexasdata collection form is available in
spreadsheet format on the DOE Building Energy Codes Program weligieeform includedll energy
code requirements (i.e., not just the eight key items), as well as additeonalrequired under the
prescribed methodologyror example, the field teams were required to conduct a blower door test and
duct leakage test on every home where such tests could be conducted, using RESEGIS.

Field teams gathered substantidbrmation beyond the key items, much of which was used during
various phases of the analysis, or to supplement the overall study findings. For example, insulation
installation quality impacts the energ¥ficiency of insulation, itself, and is theregéoused to modify that

key item within the later energy modeling and savings calculatbserved equipment (e.g., fuel type

and efficiency rating) and basic home characteristics (e.g., foundation type) help validate the prototype
models applied during engy simulation.Other questions, such as whether the home participated in an
abovecode program, can also assist in understanding whether there may be other influencing factors at
play beyond the code requirements.

The data collected were the energyuesl observed, rather than the compliance status. For insulation, for
example, the Rralue was collected, for windows theféttor. The alternative, such as was used in

DOEb6bs ol der work, simply stated whet Mhecurrenn i tem c
approach provides an improved understanding of how compliance equates to energy consumption and

gives much more flexibility during analysis since the field data can be compared to any energy code.

2.2.1.2 Data Management and Availability

Once the d& collection effort was complete, the project team conducted a thorough quality assurance
review. This review included an independent check of raw data compared to the information provided to
PNNL for analysis, and helped to ensure the completenessaag@nd consistency across the inputs.

Prior to submitting the data to PNNL, the team also removed all personally identifiable information, such
as project site locations and contact information. The final dasesedilable in spreadsheet fornaat

the DOE Building Energy Codes Program web§ite.

23 Data Anal ysi s

All data analysis in the study was performed by PNNL, and was applied through three basic stages:
1. Statistical Analysis: Examinationof the set and distribution of observations for individual measures

2. Energy Analysis: Modeling of energy consumptidar a simulated population of homes

3. Savings Analysis: Projection of savingassociated with improved compliance

5 Several questions were removed as they were not applicable to Texas: basements and crawlspaces, slab insulation,
and snow and ice melting systems.

6 Available athttps://www.energycodes.gov/compliance/residesgisrgycodefield-studybased on the forms

typically used by the RE$ieckcompliancesoftware

’ Seehttp://www.resnet.us/standards/RESNET_Mortgage Industry National HERS_Standards.pdf

8 Available athttps://www.energycodes.gov/compize/residentiabnergycodefield-study
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The first stageédentified compliance trends within the state based on what was observed in the field for
each key item. The second modeled energy consumption (of the homes observed in the field) relative to
what would be expected if sampled homes just met minimum eogérements. The third stage then
calculated the potential energy savings, consumer cost savings, and avoided carbon emissions associated
with increased code compliance. Together, these findings provide valuable insight on challenges facing
energy codemplementation and enforcement, and are intended to inform future energy code education,
training and outreach activities.

See Section 2.4 Limitations under Applicability of Results for additional discussion of how the data
collected in CZ2A was applied tbe entire state.

The following sections provide an overview of the analysis methods applied to the field study data, with
the resulting statevel findings presented in Section 3.0 (State Results).

2.3.1  Statistical Analysis

Standard statistical analysis wasformed with distributions of each key item plotted by climate zone.

This approach enables a better understanding of the range of data, and provides insight on what energy
efficiency measures are most commonly installed in the field. It also allowsctomparison of installed
values to the applicable code requirement, and for identification of any problem areas where potential for
improvement exists. The graph below represents a sample key item distribution, and is further explained
in the following @ragraph.

Texas
CZ2
0.65 _ =84
Prescriptive avg =0.34
Requirement Number of
observations
20+
Y-axis shows count Climate Zone
of field
'E observations at a Cz2
ticul | f .
8 E_aarx:zu arvalie o Code Requirement
© 0l 2009 IECC
Distribution 2015 |ECC
of Field
Observations
X-axis shows the
observed values of
0- the metric
06 05 04 03 Observation

Window U-factor (Btu/ft2—hr-F) | metric

Figure 2.1. Sample Graph
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Each graph is set up in a similar fashion, identifyingstlage climate zongand specific item being

analyzed. The totaglample sizén) is displayed in the top ledir right corner of the graph, along with the
distributionaverage Themetricassociated with the item is measured along the horizontal axis (e.g.,

window U-factor is measured in Btu/fiar-F), and acountof the number of observations is measured

alongthe vertical axis. A vertical line is imposed on the graph representing the applicable code

requirement. In this case, the observations are compared to two codes; the red line represents the
requirement of the 2009 IECGand the black line representeth r e qui r ement of Texaso
IRCT values to the righhand side of this line ateetter than code Values to the lefhand side of this

line represent areas for improvement.

2.3.2 Energy Analysis

The next phase of the analysis leveraged the statiatiadysis results to model average statewide energy
consumption. Aconsequence dhe field study methodologgllowing only one site visit per home to
minimize biags thata full set of data cannot be gathered on any single home, as not all-effeigncy
measures are in place or visible at any given point during the home construction proiessck of
complete data for individual homes creates an analytical challeegeuse&nergy modeling and
simulation protocols require sufficient inputsgenerate reliable results. To address this challenge, a

series of Apseudo homesd were created, compri sed
possible combinations of key item values found in the observed field data. In aggregate, the models
provi de a statistical representation of the stateos

known in statistics as a Monte Carlo analysis.

Energy simulation was then co#&dachofell,500sriodelgwas he En
run multiple times, to represent each combination of heating systems and foundation types commonly

found in the state. This resulted in upwards of 30,000 simulation runs for each climate zone within the

state. An EUI was calculated for each simulationand these results were then weighted by the

frequency with which the heating system/foundation type combinations were observed in the field data.
Average EUI was calculated based on regulated end uses (heating, cooling, lighting and domestic hot

water) br two sets of homésoneashbuilt set based on the data collected in the field, and a seooled

minimumset (i.e., exactly meeting minimum code requirements). Comparing these values provides
perspective on whether the population of newly constructed homes in the state is using more or less

energy than would be expected based on minimum code requirements.

Further specifics of the energy analysis are availatdesupplementahethodology repotDOE
2016.1t

% The baseline code for analysis was the 2009 IECC which was compared to the 2015 Texas Energy Code which is
based on the International Residential Code. Using the IECC instead of the IRC as the baseline ditt tiat aff

analysis because the key item requirements in the 2009 IECC are equivalent to those in the 2009 IRC. The only
exception is the SHGC requirement in climate zone 2 which is 0.35 in the IRC versus 0.30 in théitE@er,

since all SHGC observatismmet the 0.30 requirement, this difference had no impact on the results.

10 Seenttps://energyplus.net/

11 Available at https://www.energycodes.gov/compliance/residergiiargycodefield-study
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2.3.3  Savings Analysis

To begin the third phase, each of the key items was examined to determine those where a significant
number of observed values did ma¢et the associated code requirerterfor these items, additional

models were then created to assess the savings potential, comparing what was observed in the field to a
scenario of full compliance (i.e., where all woethancode observations for a paular item exactly met

the corresponding code requireméht)This was done by individually upgrading each wdhsacode
observation to the correspondipgescriptivecode requirement, resulting in a second set of mofidls (
compliancé that could beompared to the firsegbuilt). All other components were maintained at the
corresponding prescriptive code value, allowing for the savings potential associated with that key item to
be evaluated in isolation.

Once the full complianceodelswerecreated,additional energy simulation wasarried out using
EnergyPlus All variations of observed heating systems and foundation types were included, and annual
electric, gas and total EUIs were extracted for each building. For each key item analydéfirdree

in energy use between the builtandfull compliancecases represents the potential energy savings that
can theoretically be achieved if all homes met the code minimum. To calculate sa@miSetences in
energy use calculated for eadse are weighted by the corresponding frequency of each observation to
arrive at an average energy savings potential for each climate zone. For states with multiple climate
zones, potential energy savings for each climate zorferdinerweighted using @nstruction starts in that
zone to obtain the averag&tewidesnergy savings potential. Stagpecific construction volumes and

fuel prices are used to calculate the maximum energy savings potential for the state in éengyof
(MMBLtu), energy cost$), andavoidedcarbon emission€MT CO2e)

Note that this approach results in the maximum theoretical savings potential for each measure as it does
not take Ainteraction effectsodo into account such
when energy efficient | ights are installed. A bu
process that includes all the building components present within a given home. In a typical real building,

the savings potential might be higheld@wer; however, additional investigation indicated that the

relative impact of such interactions is very small, and can safely be ignored without changing the basic
conclusions of the analysis.

24 Li mi tations

The following sections address limitations loé fproject, some of which are inherent to the methodology,
itself, and other issues as identified in the field.

2.4.1  Applicability of Results

An inherent limitation of the study design is that the results are statistically significant only in the
geographichregion that was sampled; the-80unty area comprising the sample. However, the results

were | ater extrapolated to the entire state at th
collected in CZ2A were analyzed in CZ3A, CZ3B, anddB84assuming that construction trends would

remain similar (i.e., observed values from CZ2A were used as observed values in the other climate zones

2hsignificanto was defined as 15% or more of the obser\
Only the items above this threshold were analyzed.

13 Betterthancode items were not included in this analysis because the intent was to identify the maximum savings
potential for each measure. The preceding energy analysis included botithaetteyde and worséhancode

results, allowing them to offset each other.
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as well). Specifically,ite random sampling process was applied to the set of observations in each CZ
separtely, followed by simulation runsThe state EUI results were derived by aggregating the results of
the multiple climate zonesoisture regimes weighted with the €@nstructiorfractions provided by the
project team (i.e., CZ2A:55%, CZ3A: 33%, CZ3B: 14%d CZ4B: 1%).During the data collection
periodthe City of Houston energy code was the 2009 IECC amended to be 15% more energy efficient
than the published 2009 IECThis amended code was in place from 2013 until adoption of the 2015
IECC on Sefemberl, 2016.

Other results of interest, such as analysis based on climate zone level or reportingeyf ivoms, were
also identified. While some of these items are visible in the publicly available data set, they should not be
considered statistically peesentative.

2.4.2 Determination of Compliance

The field study protocol is based upon a single site visit, which makes it impossible to know whether a
particular home complies with the energy code as not enough information can be gathered in a single visit
to know whether all code requirements have been met. For example, homes observed during the earlier
stages of construction often lack key features (e.g., ceilings with insulation), and in the later stages many
of these items may be covered and therefore wmeabkle. To gather all the data required in the sampling
plan, field teams therefore needed to visit homes in various stages of construction. The analytical
implications of this are described aboveSiection 2.3.2

2.4.3  Sampling Substitutions

As is often thecase with fieldbased researchylsstitutions to thetate samplinglan weresometimes
neededo fulfill the complete data set. If the required number of observations in a jurisdiction could not
be met because of a lack of access to homes or an insoifficimber of homes (as can be the aase

rural areas), substitute jurisdictions were selected by the project team. In all cases, the alternative
selection was comparable to the original in terms of characteristics such as the level of construction
activity and general demographics. More information on the sampling plan and argpsteifec
substitutions are discussed in Appendix B.

2.4.4 Site Access

Site access was purely voluntary, and data was collected only in homes where access was granted, which
can becharacterized as a saélection bias. While every effort was made to limit this bias (i.e., sampling
randomization, outreach to builders, reducing the burden of site visits, etc.), it is inherent due to the
voluntary nature of the study. The impadishis bias on the overall results are not known.

2.45 Analysis Methods

All energy analysis was conducted using prototype models; no individually visited homes were modeled,
as the selimposed, on&isit-perhome limitation meant that not all necessary modeliputs could be
collected from a single homé&hus, the impact of certain fielmbservable factors such as size, height,
orientation, window area, flodb-ceiling height, equipment sizing, and equipment efficiency were not
included in the analysidn addition, duct leakage was modeled separately from the other key items due
to limitations in theEnergyPlu$" software used for analysid# should also be noted that the resulting
energy consumption and savings projections are based on modeled data, @ndtility bills or actual

home energy usage.
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2.4.6 Presence of Tradeoffs

Field teams were able to gather only a minimal amount of data regarding which code compliance paths
were being pursued for homes included in the study; all analyses thesefoneea that the prescriptive

path was used. The project team agreed that this was a reasonable approach. The overall data set was
reviewed in an attempt to determine if common tradeoffs were present, but the ability to do this was
severely limited by thsingle sitevisit principlewhich did not yieldcomplete data sets for a given home.

To the extent it could be determined, it did not appear that there syateanatiqpresence afradeoffs.
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30 St ate Resul ts

31 Field Observations

The keyitems form the basis of the study, and are therefore the focus of this s@ai@scomprises

multiple climate zones, but samples were only taken from climate zone 2 (CZ2). (See Section 2.4.1
Applicability of Results for more information on how the CZimples were used in the statewide

analysis.) A discussion of other findings is also covered in this section, including a description of how

certain observations, such as insulation installation quality, are used to modify key item results. (See
Section2.3.1 for a sample graph and explanation of how they should be interpreted.) For Texas, the
observations are compared to two codes; the red line represents the requirement of the 2009 IECC, and
the black | ine represent 2016 IRE valuestatherightmedrsileob f Te x a
this line arebetter than code

3.1.1 Key ltems

The field study and underlying methodology are drivekdyitemsthat have a significant direct impact
on residential energy efficiencyhegraphspresented in thisestion represenhe key item results for
the statédbased on themeasuresbsenred in the field. Note that these key itemsals® the basis of the
results presented the subsequemnergyandsavingsphases of analysis.

The following key items wertdund applicable within the state:
Envelope tightness (ACH at 50 Pascals)

Window SHGC

Window U-factor

Exterior wall insulation (assembly-factor)
Ceiling insulation (Rvalue)

Lighting (% highefficacy)

N o o > w DN PE

Duct tightnesgexpressed in cfm per 106G &f condtioned floor area at 25 Pascals)

The predominant foundation type observed wasatapprade. Since Texas has no insulation requirement
for slabs in CZ2 under either the 2009 IRC or 2015 Texas Energy Code, and because the project team
specifically requested removal of the foundation iagah questions from the data collection form,
foundation insulation is not includéual this section
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3.1.1.1 Envelope Tightness

Jexas
n=65
avg=4.7
104
Climate Zone
- Bcz2
c
8 Code Requirement
© 2009 IECC
51 2015 |[ECC
0 -
8 6 4 2
Envelope Tightness (ACH50)
Figure 3.1. Envelope Tightness (ACH50)
1 Observations:
T Number 65
T Range 7.9t0l1.2 ACH50
T Average 4.7 ACH50
Table 3.1. Envelope Tightness (ACH50)
Climate Zone and Code CZ2 (2009 IECC) CZ2 (2015 Texas Energy Code)
Requirement 7 5
Compliance Rate 63 of 65 (97%) 39 of 65 (60%)

9 Interpretations:

T Overall, the distribution exhibits lower air leakage than expected based on the 2009 IECC

requirement and higher than expected for the 2015 Texas Energy Code.

i Nearly all of the observations met or exceeded the 2009 IECC requirenmehtyra tharhalf
of the observations met or exceeded the 2015 Texas Energy Code requireostiaf tihé

remaining observations were in the 5.11 to 5.91 ACH50 range.

3.2



T Reductions in envelope air leakage represent an area for improvement in the stteulthtde
given attention in future training and enforcement.

3.1.1.2 Window SHGC

Texas
CHZ %
o3 0.25] n = 84
avg = 0.22
20 -
Climate Zone
- Wcz>
C
8 Code Requirement
© 2009 IECC
101 2015 IECC
0- e

0300 0275 0250  0.225
SHGC

0.200

Figure 3.2. Window SHGC
1 Observations:
T Number 84
T Range 0.291t0 0.20
T Average 0.22

Table 3.2. Window SHGC

Climate Zone and Code

CZ2 (2009 IECC) CZ2 (2015 Texas Energy Code)
Requirement 0.30 0.25
Compliance Rate 84 of 84 (100%) 79 or 84 (94%)
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1 Interpretations:
I SHGC values were very consistent, aticbf the observations met the 2009 IECC requirement

(and therefore also met the 2009 IRC requirement in CZ2 of 0.35)eamty allalsomet the
2015 Texas Energy Codequirement.

The vast majority of the observations were in th& 2.2 SHGC rage.

3.1.1.3 Window U-Factor

Texas
CzZ2
0.65 h=84
avg = 0.34
20
Climate Zone
- Cz2
-
8 Code Requirement
© 1ol 2009 IECC
2015 IECC
0_.

06 05 0.4 03
Window U-factor (Btu/ft2—hr-F)

Figure 3.3. Window U-Factor

9 Observations:
T Number 84
T Range 0.48to 0.27
T Average 0.34

Table 3.3. Window U-Factor

Climate Zone andCode CZ2 (2009 IECC) CZ2 (2015 Texas Energy Code)
Requirement 0.65 0.40
Compliance Rate 84 of 84 (100%) 79 of 84 (94%)
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1 Interpretations:

T There is100% compliance compared to the 2009 IECC requirementeanty 100% compliance
for fenestration products in the state against the 2015 Texas Energy Code.

T This represents one of the most significant findings of the field study, with nearly all of the
observations at or above the code requirement.

T Window U-factor requirements appear to have been implemented with a high rate of success
across the state.

3.1.1.4 Wall Assemblies

Binned Wall U-Factor Chart for Texas
30

0.082
25

—
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n 1 .
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0.103 0.078 0.073 0.068 0.063 0.058
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Count

w

Figure 3.4. Texas Wall Assembly Performance, including Wall Insulation Installation Quality

Figure3.4 combiresall cavity Rvalueand wall insulationnstallation qualitydataobserved in the state

generate a-haideébf Amuaehdetalddiidcussion of insulation installation quality is
included at the end of the section (3.1.1).

9 Observations:
T Number 62
T Range 0.103 to 0.058
T Average 0.084
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Table 3.4. Frame Wall Assembly

Climate Zone andCode CZ2 (2009 IECC) CZ2 (2015 Texas Energy Code)
Assembly tFactor (expected) 0.082 0.082
Rate 40 of 62 (65%) 40 of 62 (65%)

1 Interpretations:
T Overall, nearly twethirds of the observations comply with the code.

T Table3.8 indicates that 38 of 62 wall assemblies (61%) had an insulation installation quality of
Grade I, but there is still room for improvement.

3.1.1.5 Ceilings

Texas
CZ?2
50-n =66
avg = 35.6
40
Climate Zone
301 Cz2
c
o] Code Requirement
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O -
25 30 35

Ceiling R-value (ft2-hr-F/Btu)
Figure 3.5. Ceiling RValue

1 Requirement R-30 (CZ2)i 2009 IECC / R38 (CZ2)i 2015 Texas Energy Code
9 Observations

T Number 66

T Range R-22to R38

T Average R-35.6
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Table 3.5. Ceiling Insulation (Rvalue)

Climate Zone and Code CZ2 (2009 IECC) CZ2 (2015 Texas Energy Code)
Requirement R-30 R-38
Compliance Rate 63 of 66 (95%) 49 of 66 (74%)

1 Interpretations:

3.1.1.6

Nearly all the observations met or exceeded0@requirementand the majority of
observations were Grade | for insulation installation quality

Over onequarter of the observations did not meet the 2015 Texas Energy Code requirement, and
there appeaa to be an opportunity for improvement.

Lighting

Figure 3.6. High-efficacy Lighting Percentage

9 Observations:

Number 66
Range 0 to 100
Average 54.3
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